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(54) PRODUCTION OF POROUS SILICON CARBIDE SINTERED COMPACT 

(57)Abstract: 

PURPOSE: To efficiently obtain porous silicon carbide sintered compact having high density 
and strength and excellent in thermal conductivity by subjecting a mixture consisting of 
silicon carbide and carbon particles to plasma discharge sintering to provide a silicon carbide 
sintered compact and subjecting the sintered compact to heat treatment in an oxidation 
atmosphere. 

CONSTITUTION: A mixture consisting of 20~90vol% silicon carbide and 80-10vol% carbon 
particles is used as a raw material and this mixture is subjected to plasma discharge sintering 
to prepare a silicon carbide sintered compact. Then, this silicon carbide sintered compact is 
subjected to heat treatment in an oxidation atmosphere. The plasma discharge sintering is 
normally carried out under conditions of 1600-2300° C temperature and 50-500kgf/cm2 
pressure. The heat treatment in the oxidation atmosphere is preferably carried out at 650- 
750° Cfor2-7hr. 
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(54) PRODUCTION OF POROUS SILICON CARBIDE SINTERED COMPACT 
(57)Abstract: 

PURPOSE: To efficiently obtain porous silicon carbide sintered compact having high density 
and strength and excellent in thermal conductivity by subjecting a mixture consisting of silicon 
carbide and carbon particles to plasma discharge sintering to provide a silicon carbide 
sintered compact and subjecting the sintered compact to heat treatment in an oxidation 
atmosphere. 

CONSTITUTION: A mixture consisting of 20-90vol% silicon carbide and 80-10vol% carbon 
particles is used as a raw material and this mixture is subjected to plasma discharge sintering 
to prepare a silicon carbide sintered compact. Then, this silicon carbide sintered compact is 
subjected to heat treatment in an oxidation atmosphere. The plasma discharge sintering is 
normally carried out under conditions of 1600-2300°C temperature and 50-500kgf/cm2 
pressure. The heat treatment in the oxidation atmosphere is preferably carried out at 650- 
750°C for 2-7hr. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) The manufacture method of the porosity silicon carbide sintered compact which uses as a 
raw material mixture which consists of 20 to silicon carbide 90 capacity %, and (B) carbon particle 80 - 
10 capacity %, and is characterized by manufacturing a silicon carbide sintered compact and 
subsequently heat-treating this silicon carbide sintered compact in an oxidizing atmosphere by plasma 
electric discharge sintering. 

[Claim 2] It is plasma electric discharge sintering The temperature of 1,600-2,300 degrees C and a 
pressure 50 - 500 kgf/cm2 The manufacture method of the porosity silicon carbide sintered compact 
according to claim 1 characterized by carrying out on conditions. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of a porosity charcoal silicon 
carbide sintered compact. While it is high-density and excelling in intensity in detail, it is related with 
the manufacture method that the porosity silicon carbide sintered compact excellent in thermal 
conductivity can be obtained efficiently. 
[0002] 

Pescription of the Prior Art] In recent years, the porous-structure material made from ceramics has 
come to be widely used for an exhaust gas filter, a catalyst support, or a filter for molten metal of an 
automobile etc. The porous-structure material with which such a use is presented conventionally is 
manufactured through the complicated manufacturing process, it is very difficult to control the physical 
properties, and the actual condition is that what may be enough satisfied as a structural material is not 
obtained. And silicon carbide is the difficulty degree-of-sintering matter, and has the problem that it is 
very difficult to sinter while it is a covalent-bond nature compound. In order to manufacture a porosity 
sintered compact by using such silicon carbide as a raw material, after making the slurry of the quality 
of silicon carbide adhere to the skeleton side of the nature porous body of organic, the method of drying 
and calcinating is indicated by the former, for example, JP,55-71659,A. With the technology currently 
indicated here, the bonding strength of an organization is weak and there is a problem of a low in 
intensity. Moreover, boron is mixed to the silicon carbide whisker which covered ******** 5 and the 
method of calcinating is indicated at JP,4-12072 5 A. With the technology currently indicated here, if 
processing of powder and a mixed process are complicated and consider production, a simpler process is 
desired. And in order to sinter such silicon carbide as a raw material, usually, a sintering acid is added, 
the densification is promoted, and aiming at improvement in sintered density is performed. As a 
sintering acid for promoting this densification, B, C, aluminum, Be, Ti, etc. are usually used. However, 
these sintering acids work as a negative factor in a sintered-compact property. Therefore, the actual 
condition of the silicon carbide sintered compact which adds a sintering acid and is obtained is that the 
property of silicon carbide original is not fully pulled out by the influence of this sintering acid. 
Furthermore, although conventionally sintered in sintering by hot pressing (H.P. method), the isostatic 
pressing method between heat (the HIP method), etc., sintering was not able to take a long time and a 
porosity silicon carbide sintered compact was not able to be obtained efficiently. 
[0003] 

[Means for Solving the Problem] Then, this invention person repeated research wholeheartedly about the 
manufacture method that the porosity silicon carbide sintered compact excellent in thermal conductivity 
can be obtained efficiently while he was high-density and excellent in intensity in view of the above- 
mentioned situation. Consequently, it found out that simplified a manufacturing process and the porosity 
silicon carbide sintered compact made into the purpose was obtained efficiently, without using a 
sintering acid by including a carbon particle and heat-treating the silicon carbide sintered compact 
obtained by plasma electric discharge sintering, this invention is completed based on this knowledge. 
That is, this invention uses as a raw material mixture which consists of (A) silicon carbide 20 - 90 
capacity % and (B) carbon particle 80-10 capacity %, manufactures a silicon carbide sintered compact 
by plasma electric discharge sintering, and, subsequently offers the manufacture method of the porosity 
silicon carbide sintered compact characterized by heat-treating this silicon carbide sintered compact in 
an oxidizing atmosphere. 

[0004] In this invention, the mixture which consists of the silicon carbide and (B) carbon particle of the 
(A) component is used as a raw material in manufacturing a porosity silicon carbide sintered compact. 
Here, the silicon carbide of the (A) component may be alpha type or beta type any. Moreover, the 
configuration of these silicon carbide has the shape of powdered or a whisker. As silicon carbide, when 
using powder, 0.7-10-micrometer silicon carbide powder is usually especially suitable the particle size 
of 0.5-100 micrometers. Moreover, when using a whisker, the.slliconxarbide whiskerof 0J-3 
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micrometers of diameters and aspect ratios 5-30 is usually suitable. On the other hand, the carbon 
particle of the (B) component has various things. For example, carbon black, such as channel black, 
furnace black, and thermal black, graphite powder, or corks fines is mentioned. Especially in these, 
carbon black is used suitably. What is necessary is just to usually, select the thing of particle size 
suitable for each as this suitable carbon black, with the porosity sintered compact for which it asks, 
although it is 0.1-100 micrometers in particle size. Although it mixes with the silicon carbide of the (A) 
component and is used as a raw material, in case the carbon particle of this (B) component heat-treats 
the sintered compact obtained by plasma electric discharge sintering, it can be burned and burned down, 
can achieve the function which forms the pore section into a sintered compact, and can obtain the 
porosity sintered compact. 

[0005] silicon carbide [ each component of whose of the mixture which consists of silicon carbide of the 
aforementioned (A) component and a carbon particle of the (B) component in this invention is the (A) 
component ] 20 - 90 capacity %, and carbon particle [ which are 30 - 80 capacity % and the (B) 
component preferably ] 80 - 10 capacity % -- 70 - 20 capacity % comes out comparatively preferably, 
and it is blended, and is offered as a raw material In mixing the above-mentioned component (A) and 
(B), the silicon carbide of the (A) component and the carbon particle of the (B) component remain as it 
is respectively, and may be used. However, in the case of silicon carbide powder, the pore section can 
obtain the sintered compact distributed uniformly by carrying out pulverization by co-grinding and 
mixture. Co-grinding and mixture effective for obtaining a more precise sintered compact can perform 
mixture and trituration simultaneously. In this co-grinding and mixture, the formation of uniform 
mixture and particle diameter of raw material powder can be made still smaller by advancing mixture 
and trituration simultaneously. 

[0006] this co-grinding and mixture - a ball mill, a shock pulverizer, a jet pulverizer, and a column - a 
means to perform mixture and trituration of a type friction machine etc. simultaneously can perform 
Especially in these meanses, it is desirable a ball mill and to use not a fall formula but a planet type 
powerful ball mill. Moreover, dry type or wet any are sufficient as the state at the time of mixture, for 
example, when carrying out with wet, it can be performed as a mixed assistant using various kinds of 
solvents, carboxylic acids, etc., such as alcohols, such as ethanol and a butanol, a hexane, and a ketone. 
These mixed assistants are usually used at a rate of 1 -5ml [/g ] -powder. Mixed force and mixing time of 
above-mentioned co-grinding and mixture, The mean particle diameter of the powder raw material after 
trituration / mixture is 0.01-50 micrometers. It is desirable to set up so that it may be preferably set to 
about 0.1-10 micrometers. This co-grinding and mixture are usually performed in 200 - l,600rpm and 10 
minutes - 100 hours using 50-300 pieces in the ball of l-20mmphi. applying also to the mixture which 
consists of a carbon particle as silicon carbide powder and a (B) component as a (A) component comes 
out, and this co-grinding / mixture operation has a small pore diameter, and is effective for obtaining a 
precise porosity sintered compact 

[0007] What is necessary is to remain as it is respectively, or just to mix by making ethanol, ethylene 
glycol, an acetone, water, etc. into a dispersion medium in this invention, using a wet ball mill, after co- 
grinding and mixing as mentioned above, in using silicon carbide powder as silicon carbide of the (A) 
component, in order to mix the silicon carbide of the aforementioned component (A), and the carbon 
particle of (B). Moreover, as silicon carbide of the (A) component, when using silicon carbide powder, it 
may mix with the carbon particle of the (B) component, and you may mix by aforementioned co- 
grinding and mixture. In this case, a pore diameter is small and a precise porous sintered compact can be 
obtained. Thus, as for the mixture which consists of the silicon carbide of the (A) component and the 
carbon particle of (B) which are obtained, it is desirable to precede to carry out plasma electric discharge 
sintering, and to usually, fabricate. Here, in order to fabricate it, using as a raw material mixture which 
consists of the aforementioned component (A) and (B), it can fabricate under an ordinary pressure or 
pressurization (for example, a simple pressurization machine), or pressing can be carried out to a desired 
configuration by pressurization meanses, such as isostatic pressing fabrication between the colds (CIP 
fabrication). In CIP fabrication, in this pressing, it can carry out by adding binder components, such as 
polyvinyl alcohol, if needed, and - although the pressure at the time of CIP fabrication changes with 
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particle size of raw material powder - usually -1-20 ton/cm2 - desirable -2-10 ton/cm2 it is - it is 
fabricated in 1 - 60 minutes 

[0008] Subsequently, by the manufacture method of this invention, a silicon carbide sintered compact is 
manufactured by carrying out plasma electric discharge sintering of the Plastic solid which is the above, 
and is fabricated [ is made and ] and obtained. In addition, in this invention, without passing through the 
above-mentioned forming cycle, the mixture which consists of the aforementioned component (A) and 
(B) is inserted in in the reactor for plasma electric discharge sintering, plasma electric discharge 
sintering can be carried out and a silicon carbide sintered compact can also be manufactured. In this 
case, since a forming cycle can be skipped, the time and effort of fabrication can be saved, by plasma 
electric discharge sintering processing, fabrication and sintering can be performed simultaneously and a 
silicon carbide sintered compact can be obtained more efficiently. 

[0009] This plasma electric discharge sintering processing inserts in the reactor for plasma electric 
discharge sintering the mixture which consists of the aforementioned Plastic solid or a component (A), 
and (B), and is performed under pressurization in the hydrogen gas of a reducing atmosphere, or inert 
gas (for example, under atmosphere, such as an argon, nitrogen, or these mixed gas), or in a vacuum. 
Although the sintering temperature is suitably chosen with the sintered compact for which it asks The 
1,600-2,300 degrees C of the ranges of 1,800-2,000 degrees C are usually preferably selected as peak 
temperature. After reaching this sintering peak temperature, a silicon carbide sintered compact can be 
obtained by carrying out predetermined-time maintenance at this temperature, and sintering within a 
reactor, and sintering — hitting ~ a pressure - 50 - 500 kgf/cm2 - desirable - 200 - 400 kgf7cm2 It is 
sintered. In this plasma electric discharge sintering processing, an electrode can be contacted to fine 
particles, sintering time can be shortened compared with the conventional hot pressing using electric 
discharge between particles, it is generally efficient at a 3 - 10-minute about room, and the silicon 
carbide sintered compact excellent in quality can be obtained. Such plasma electric discharge sintering 
can sinter silicon carbide without a sintering acid at low temperature (1,900 degrees C) by raising the 
surface energy of silicon carbide with electrical energy compared with a conventional method (2,000- 
2,200 degrees C). 

[0010] It is PAS (Plazma Activated Sintering) equipment and SPS (Spark Plazma Sintering) although 
the silicon oxide of a Plastic solid or the (A) component and the mixture of the (B) component are 
inserted in the reactor for plasma electric discharge sintering as mentioned above and plasma electric 
discharge sintering is carried out in this invention, as shown in drawing 1 as this reactor, for example. 
Equipment can be used. With above PAS equipment and SPS equipment, the mixture of a Plastic solid 
or (A), and (B) can be inserted in superhard or a carbon dice, and a silicon carbide sintered compact can 
be efficiently manufactured by [ which constitute equipment ] carrying out plasma electric discharge 
sintering in a short time. Thus, by carrying out plasma electric discharge sintering, sintering time can 
shorten sintering time sharply around 10 minutes compared with a conventional method, can raise 
productivity, and can obtain a silicon carbide sintered compact efficiently. 
[001 1] In this invention, the silicon carbide sintered compact which is the above, and is made and 
obtained can obtain a porosity silicon carbide sintered compact by heat-treating in an oxidizing 
atmosphere, for heat-treating a silicon carbide sintered compact here ~ usually - the inside of an 
oxidizing atmosphere, and temperature 600-800 - it is the range of 650-750 degrees C preferably, and is 
carried out on the conditions of 2 - 7 hours You may be the oxidizing atmosphere which air atmosphere 
is sufficient as or usually supplied oxygen or oxygen content gas compulsorily as an oxidizing 
atmosphere to heat-treat here. With this heat treatment, the carbon particle of the (B) component 
contained in a silicon carbide sintered compact is burned and burned down, the pore section is formed 
into a sintered compact, and a porosity silicon carbide sintered compact can be obtained. Thus, the pore 
diameter of 0.1-100 micrometers and the pore section of 10_- 80% of voidage are usually formed in the 
porosity sintered compact obtained. Since the porosity silicon carbide sintered compact of this invention 
turns into a porosity sintered compact by destruction by fire of the carbon particle of the (B) component, 
it can control a pore diameter and voidage by changing the particle diameter of a carbon particle, or its 
blending ratio of coal. Moreover, the porosity silicon carbide sintered compact with which properties 
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differ can be obtained by using a silicon carbide whisker, or mixing and grinding silicon carbide powder 

and carrying out pulverization as silicon carbide of the (A) component. 

[0012] 

[Example] Furthermore, this invention is not limited by these examples although an example and the 
example of comparison explain this invention in detail. 

beta type silicon carbide powder (1 .0 micrometers of mean particle diameters [ SiC : ]) and carbon black 
(0.8 micrometers of mean particle diameters [ C : ]) of example 1 marketing were mixed at a rate of 
SiC/C-90 / 10 (capacity %), and ethanol was made into the dispersion medium, it mixed for 12 hours 
using the wet ball mill, and the slurry was prepared. Then, the ball was taken out, it filtered with the 
filter of 0.45 micrometers of apertures, temporary fabrication was carried out with the simple 
pressurization machine, and the temporary Plastic solid was produced. It was made to dry until ethanol 
fully evaporated, and the temporary Plastic solid was taken as the Plastic solid for plasma electric 
discharge sintering. The obtained Plastic solid performed plasma electric discharge sintering on 
condition that the following. 

plasma electric discharge sintering condition sintering dice: — graphite dice sintered-atmosphere: - 
sintering-among argon gas temperature: — 1,900 degrees C sintering pressure: — 300 kgf7cm2 resistance- 
welding-time: - 700 degrees C of sintered compacts obtained by plasma electric discharge sintering for 
3 minutes were heat-treated in air atmosphere for 6 hours, and the porosity silicon carbide sintered 
compact was obtained 

[0013] In example 2 example 1, it carried out like the example 1 except having changed the mixed rate 
into SiC/O70 / 30 (capacity %). 

[0014] In example 3 example 1, it carried out like the example 1 except having changed the mixed rate 
into SiC/C=50 / 50 (capacity %). 

[0015] In example 4 example 1, it carried out like the example 1 except having changed the mixed rate 
into SiC/O30 / 70 (capacity %). 

[0016] The Plastic solid was manufactured like the example 1 except having mixed the carbon black of 
the end of mixed powder it consists of the silicon carbide powder 98.8 weight section, the boron 0.2 
weight section, and the carbo phone black (200A of mean particle diameters) 1 weight section which 
were used in the example of comparison 1 example 1, and an example 1 at a rate of the end of mixed 
powder / carbon black =90/10. The obtained Plastic solid performed hotpress (H.P.) sintering on 
condition that the following. 

HP sintering condition sintered-atmosphere: - sintering-among argon gas temperature: ~ 2,100 degrees 
C sintering pressure: - holding-time [ in 300 kgf7cm2 sintering temperature ]: ~ the sintered compact 
obtained for 30 minutes was heat-treated like the example 1, and the porosity sintered compact was 
obtained 

[0017] In the example 1 of example of comparison 2 comparison, it carried out like the example 1 of 
comparison except having changed the mixed rate into the end of mixed powder / carbon black =70/30. 
[0018] In the example 1 of example of comparison 3 comparison, it carried out like the example 1 of 
comparison except having changed the mixed rate into the end of mixed powder / carbon black =50/50. 
[0019] In the example 1 of example of comparison 4 comparison, it carried out like the example 1 of 
comparison except having changed the mixed rate into the end of mixed powder / carbon black =30/70. 
However, internal generation of heat of silicon carbide powder ran short, and a porosity sintered 
compact was not able to be obtained. About the porosity sintered compact obtained in examples 1-4 and 
the examples 1-4 of comparison, voidage, a pore diameter, and thermal conductivity were measured. 
The result is shown in the 1st table. In addition, measurement of voidage, a pore diameter, and thermal 
conductivity followed the degree. 

1) It computed from the measured value of the volume measured with voidage slide calipers, and a 
weight. 

2) It measured by the pore diameter mercury porosimeter. 

3) Thermal conductivity JIS It measured based on R- 161 1 . 
[0020] 
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[Table 1] 
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[0021] alpha type silicon carbide whisker [0.8-1.1 micrometers of diameters of a SiC(w): whisker and the 
aspect ratios 6.5-8.0] and the graphite impalpable powder (40 micrometers of mean particle diameters 
[ C : ]) of example 5 marketing were mixed at a rate of SiC(w)/C=50/50, except having made the 
processing time of a wet ball mill into 2 hours, it carried out like the example 1 and the porosity silicon 
carbide sintered compact was obtained. 

[0022] The porosity cordierite honeycomb porous body made from example of comparison 5 ceramics 
was used as the comparison article. About the porosity sintered compact of an example 5, and the 
honeycomb porous body of the example 5 of comparison, voidage, a pore diameter, and compressive 
strength were measured. The result is shown in the 2nd table. In addition, measurement of compressive 
strength is JIS. R-1608 was followed. 
[0023] 
[Table 2] 
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[0024] 

[Effect of the Invention] As explained above, while excelling in intensity by using as a raw material 
mixture which consists of silicon carbide and a carbon particle, and heat-treating the silicon carbide 
sintered compact obtained by plasma electric discharge sintering in an oxidizing atmosphere, the 
porosity silicon carbide sintered compact excellent in thermal conductivity can be obtained efficiently. 
Therefore, the porosity silicon carbide sintered compact obtained by the manufacture method of this 
invention can be effectively used as materials, such as an exhaust gas filter of an automobile, a catalyst 
support, or a filter for molten metal. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] In the manufacture method of this invention, it is the schematic drawing of the PAS 
equipment in which an example of a reactor which performs plasma electric discharge sintering is 
shown. 

[Description of Notations] 
1 : Carbon dice 
2: Upper case punch 
3 : Lower-berth punch 
4: Upper case electrode 
5: Lower-berth electrode 
A: Raw material 
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DRAWINGS 



[Drawing 1] 
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